The Younger Andesites and Dacites of Iztaccihuatl volcano, Mexico, constitute a medium-K calcalkaline rock suite (58-66 wt. per cent SiO 2 ) characterized by high Afg-numbers (100Mg/(Mg + O85 IFe 2+ ) = 55-66) and relatively high abundances of MgO (2-5-6-6 wt per cent), Ni (17-158 p.p.m.), and Cr (42-224 p.p.m.). Chemical stratigraphy plots of eruptive sequences indicate the existence of a plexus of long-lived dacite magma chambers periodically replenished by influxes of basaltic magma ascending from depth. Short-term geochemical evolution after batch influx was dictated by magma mixing and eventual dilution of the basaltic component by 'quasi-steady state' hornblende dacite magma. The chemical data support textural and mineralogical evidence for rapid homogenization of originally diverse magmas by convective blending of residual liquids accompanied by dynamic fractional crystallization (Nixon, 1988) .
INTRODUCTION
Chemical and mineralogical studies of volcanoes must be conducted within the context of their eruptive chronology if we are to improve our understanding of the petrological processes at work in long-lived magmatic systems. Part 1 of this study of the Younger Andesites and Dacites of Iztaccihuatl volcano (Nixon, 1988) documented mineralogical evidence for pre-emptive mixing of hornblende dacite and olivine-phyric basaltic magma in crustal magma chambers. It was concluded that episodic eruption of certain 'mixed' lavas characterized by disequilibrium phenocryst assemblages marked the tapping of a turbulently convecting hybridized zone separating viscous dacitic and hot fluid basaltic magma ascending from depth. The mixing mechanism was inferred to involve convective homogenization of residual liquids and concurrent or dynamic fractional crystallization of hightemperature mineral assemblages in rapidly evolving hybrid melts.
The purpose of this article is to: (I) present chemical evidence for magma mixing and dynamic fractional crystallization in Iztaccihuatl lavas; (2) examine the Sr isotopic composition of these rocks in order to determine to what extent wallrock assimilation may be involved in their genesis; and (3) utilize simple mass balance calculations to model the composition of basaltic magma influx over the last 600000 y of magma chamber evolution. The evidence for dynamic fractional crystallization concomitant with mixing and eruption occurs in those mixed lavas that have experienced accelerated growth of high-temperature minerals in their residual hybrid liquids, yet have bulk compositions rigorously controlled by mixing. These remarkable lavas exhibit none of the effects predicted for post-mixing crystal segregation such as depletion of highly compatible elements. Evidence for liquidstate mixing is apparent in chemical stratigraphy plots in the form of rapid dilution of some highly incompatible and mildly compatible elements immediately following primitive batch influx.
GENERAL GEOLOGY AND ERUPTIVE BEHAVIOUR
Iztaccihuatl (5286 m), a major Quaternary volcano in the Trans-Mexican Volcanic Belt, is situated approximately 60 km southeast of Mexico City in the Sierra Nevada, a mountainous region that limits the southeastern margin of the Valley of Mexico. The chronology of volcanic activity in this part of the Trans-Mexican Volcanic Belt has been reviewed recently by Nixon et al. (1987) .
The volcanic geology of Iztaccihuatl is shown in Fig. 1 . Cone construction began prior to 0-9 Ma and may have started as early as 1-7 Ma based on K-Ar dates (Nixon et al, 1987) . The base of the volcano is not exposed but according to Schlaepfer (1968) overlies Tertiary sedimentary and volcanic formations and Cretaceous limestones. The Younger Andesites and Dacites (150 km 3 ) represent the main extrusive rocks of the Younger Volcanic Series of Iztaccihuatl (<0-6Ma). They comprise viscous lava flows (8-70 m thick), flow breccias (1-3 m), and minor intercalated block-and-ash flows emplaced on an eroded volcanic substructure (Older Volcanic Series; Fig. 1 ). The Younger Andesites and Dacites are subdivided into a volumetrically dominant group of lavas (the Summit Series; 125 km 3 ) erupted from closely-spaced vents that fed flows forming the highest peaks of Iztaccihuatl (Cabeza, Pecho, and Rodillas); and Pies rocks associated with a vent situated 2 km south of Rodillas and marked by a 1 km-diameter explosion crater (Fig. 1) . The northnorthwest-southsoutheast alignment of vents is probably controlled by basement fractures.
The apparently rapid emplacement of lava flows in each vent sequence is consistent with quasi-continuous steady-state effusive behaviour which characterizes certain polygenetic andesite-dacite volcanoes (Type 1 of Wadge, 1982) . The glacially abraided, staircase-like topography of the Younger Andesites and Dacites reflects an original volcanic landform created by an apparently progressive decrease in the lengths and volumes of lava flows as cone height increased; not unlike the pattern of historic eruptions at Bagana and Arenal
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volcanoes (Wadge, fig. 8, 1982; . Such behaviour may have accompanied the attainment of a critical cone height when lithostatic load in the magma column was sufficient to counteract hydrostatic pressures at depth (e.g., Rose et al, 1977; Chesner & Rose, 1984) . Any ensuing build-up of volatiles in the system could trigger culminating explosive eruptions like those responsible for demolishing the upper part of Pies volcano. Alternatively, the decrease of volume erupted per unit time may reflect a change in the dynamics of open-system behaviour from one of steady-state discharge to steady-state storage (Wadge, 1982) . This proposal may best describe the situation at Iztaccihuatl where there is strong evidence for magma chamber replenishment late in its eruptive history.
SAMPLE DESCRIPTION

Younger Andesites and Dacites
To facilitate a study of temporal variations in magma chemistry, samples of flows were collected stratigraphically from each of Iztaccihuatl's main vent sequences. Analyses of 48 flows representing 7 sampling traverses are given in Table 1 and their locations are shown in Fig. 2 . The stratigraphic sections include: the west side of Cabeza (number of samples (n) = 6); the west flank of Pecho (n = 9), in addition to 4 older flows (PE-10 to PE-13; Fig. 2 ) whose stratigraphic relationships are not well known; the western (n = 12) and eastern (n = 5) flanks of Rodillas; a section of lava cliffs south of Pies (n = 9); and a composite section of flows on the eastern (P-10,-11, -15, -16) and southwestern (P-12, -13, -14) flanks of Pies. In general, younger flows occur at progressively higher altitudes within each eruptive sequence.
Stratigraphic correlation.
Time-stratigraphic correlation of sections on a flow by flow basis was not possible due to the limited areal extent of flow units. Summit Series flows at the same altitude occupy similar stratigraphic positions and no major hiatus in activity is apparent in any of the sections examined. Lavas forming the upper part of Pecho and Rodillas (> 4500 m) are observed to interfinger, and flows at lower altitudes locally exhibit similar relationships. A flow (R-12) at the base of the West Rodillas section has a K-Ar age of 0-58 ±0-12 (Nixon, 1987) and so Rodillas and correlative Pecho stratigraphy represent a time span on the order of 0-6 Ma. Cabeza lavas rest high on the north flank of Pecho and clearly represent some of the youngest Summit Series flows. A flow (P-6) in the middle of the West Pies section has been dated at 0-41 ±014 Ma, and another date of 0-34±0-09 Ma was obtained on a flow stratigraphically equivalent to the uppermost flow (P-l) in this section (Nixon, 1987) . Accordingly, Pies stratigraphy is correlated with the lower parts of the Pecho (PE-6 to PE-9) and Rodillas (R-9 to R-12) sections. The exact correlation of flow units is not known and is chosen near appropriate major breaks in the continuity of sample collection sites (Fig. 2) . The composite Pies section contains the youngest (P-10, P-l 1) and oldest (P-14 to P-16) Pies flows sampled.
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PETROGRAPHY
Younger Andesites and Dacites
The mineralogy and petrography of the Younger Andesites and Dacites of Iztaccihuatl have been described in Nixon (1988) . The principal lava types are: (1) hornblende (Hb) dacites that contain phenocrysts of andesine, hypersthene, hornblende, biotite, quartz, ilmenite, and titanomagnetite; (2) augite-hypersthene (Cpx-Opx) dacites ± amphibole phenocrysts; and (3) mixed lavas characterized by an unequilibrated assemblage of lowtemperature phenocrysts derived from Hb dacite, and high-temperature phenocrysts (magnesian olivine with chrome spinel inclusions) derived from basaltic magma. The latter rocks are subdivided into: (1) Mixed Lava Type I (MLT-I) with relatively abundant olivine Fig. 2 ) for petrographic information.
Basaltic rocks
The basaltic rocks all contain phenocrysts (<2-5 mm) of olivine (Fo 90 _ g8 ; 7-17 vol. per cent) with inclusions of chrome spinel, and microphenocrysts (0-4-0-2 mm) of labradorite and augite. The groundmass contains augite, plagioclase (labradorite-andesine), opaque oxides, bronzite in the more holocrystalline flows, and variable proportions of glass.
ANALYTICAL TECHNIQUES
Whole-rock analyses were made by X-ray fluorescence using a Philips PW1410 spectrophotometer at the University of British Columbia. Major elements were determined on fused glass discs prepared with a lanthanum-bearing lithium tetraborate fusion mixture. Matrix-corrected calibration curves were constructed for each oxide using least squares fits according to procedures described by Harvey el al. (1973) and values for international standards recommended by Abbey (1977) . Na 2 O and trace elements were analyzed using pressed powder briquettes and the raw data were corrected for instrument drift, background, spectral interferences, and matrix effects (except Na 2 O). Mass absorption coefficients for Cr, V, and Ba were calculated from major element data and determined experimentally for remaining trace elements using the Mo(KJ Compton peak. Details of operating conditions are given by Armstrong & Nixon (1980) . H 2 O + and H 2 O~ were determined gravimetrically (Brooks, 1976) . Ol vol. per cent (No. points > 3800) is given on a vesicle-free basis; uncertainties represent maximum \a errors (Solomon, 1963) . Fo Obs. is the composition (mol. per cent) of the most Mg-rich olivine core as determined by microprobe analysis; Fo Calc. refers to the calculated equilibrium olivine composition (Roeder & Emslie, 1970) by heating a 1 g sample in air overnight at 120 and 1000°C respectively. During the period of analysis, replicate determinations of reference and internal standards were used to estimate accuracy (cf. Armstrong & Nixon, 1980) and precision. The mean analytical precision (2a) for the calibration range based on between-bead/pellet differences for standards and unknowns is: SiO 2 (1 per cent relative), TiO 2 (1-6 per cent), A1 2 O 3 (2-3 per cent), Fe 2 O 3 (22 per cent), MnO (70 per cent), MgO (3-7 per cent), CaO (1-8 per cent), Na 2 O (2-5 per cent), K 2 O (3-5 per cent), P 2 O 5 (6-8 per cent), Cr (6 per cent), V (3 per cent), Ni (4 per cent), Rb (4 per cent), Sr (2 per cent), Ba (6 per cent), Zr (2 per cent), Nb (27 per cent), and Y (10 per cent).
Sr isotopic compositions were determined on Sr separates purified using conventional ion-exchange techniques. Isotopic analyses were carried out at the University of British Columbia using a solid-source mass spectrometer (60° sector, 30 cm radius) of United States National Bureau of Standards (NBS) design, modified by H. Faul. Data acquisition is digitized and automated using a Data General 1210 NOVA computer. Experimental data have been normalized to a 86 Sr/ 88 Sr ratio of 0-1194 and adjusted for inter-laboratory bias so that the NBS standard SrCO 3 (SRM987) gives a 87 Sr/ 86 Sr ratio of 0-71022 ±0-00002 and the Eimer & Amend standard a ratio of 0-70800 ± 0-00002. Since analyzed samples are geologically young (< 0-6 Ma) and have relatively low Rb/Sr, measured 87 Sr/ 86 Sr ratios are taken to represent initial ratios, the age corrections lying well within analytical uncertainty.
WHOLE-ROCK COMPOSITION AND CLASSIFICATION
Whole-rock analyses (Tables 1 and 2 ) are plotted in variation diagrams in Figs. 3 and 4. Chemical traits typical of orogenic rock series include their Ol-Hy-to Qz-normative character combined with moderate A1 2 O 3 and low TiO 2 ; whereas high Afg-numbers and high MgO, Ni, and Cr are atypical of the majority of rocks occurring at convergent plate margins (Ewart, 1979 (Ewart, , 1982 Gill, 1981) . The suite lacks iron enrichment and exhibits a rather flat calc-alkaline trend in a ZFeO/MgO vs. SiO 2 plot (not shown; Miyashiro, 1974) . In the classification scheme of Peccerillo & Taylor (1976) shown in Fig. 3 , mafic lavas are medium-K (calc-alkaline) to high-K basaltic andesites, and Iztaccihuatl lavas are medium-K andesites and dacites. Mafic rocks with < 53 wt. per cent SiO 2 would be considered as basalts in other classification schemes (e.g, Basaltic Volcanism Study Project, 1981; Gill, 1981) .
Hb dacites are the most evolved lavas of Iztaccihuatl (Fig. 4) . They exhibit the lowest average abundances of MgO, CaO, ZFeO, MnO, TiO 2 , P 2 O 5 , Cr, Ni, V, and Y, and the greatest abundances of SiO 2 , K 2 O, Na 2 O, and Rb, combined with relatively high Rb/Sr (Table 1) . Silica concentrations exhibit a bimodal grouping: Hb dacites with SiO 2 < 64 and > 64 wt. per cent are designated as low-Si and high-Si Hb dacites respectively; the composition of PE-3 is transitional. The range of Af {/-numbers (63-3-55-1) and MgO (3-7-2-5 wL per cent), Ni (42-17 p.p.m.X and Cr (91-42 p.p.m.) abundances extend well above the averages given by Ewart (1979) for rocks of comparable silica content in the Middle America arc (including Mexico).
Mixed lavas in general have considerably higher MgO, CaO, ZFeO, Ni, and Cr, slightly higher TiO 2 , MnO, and V, and lower K 2 O, Rb, and SiO 2 than Hb dacites, and highly variable A1 2 O 3 , Na 2 O, P 2 O 5 , Sr, Ba, Zr, Y, and Nb. The MLT-I subgroup is least evolved and has unusually high abundances of MgO (4-3-6-6 wt. per cent), Ni (61-158 p.p.m.), and Cr (142-224 p.p.m.) and high A^-numbers (69-9-65-6) for the level of SiO 2 enrichment (Ewart, 1982) . In variation diagrams ( compatible elements (e.g., Mg and Ni) whereas considerable scatter exists for less compatible elements (e.g., Al, Sr, and Ba). For this behaviour to be consistent with binary mixing, at least one end-member must be compositionally heterogeneous. The MLT-II subgroup is transitional in composition between MLT-Is and Hb dacites. Although considerable overlap exists in the range of abundances for Nb, Y, Ba, Rb, and K 2 O between MLT-Is and MLT-IIs, all these elements attain higher concentrations in MLT-IIs.
Cpx-Opx dacites have geochemical affinities to low-Si Hb dacites but exhibit extensive compositional overlap with MLT-IIs, as exemplified by their range of SiO 2 (61-7-64-6 wt. per cent), MgO (2-9-4-2 wt. per cent), Ni (26-73 p.p.m.), Cr (52-112 p.p.m.), and Mgnumbers (580-65-6). Cpx-Opx dacites and low-Si Hb dacites represent the least evolved olivine-free lavas of the Younger Andesites and Dacites.
The basaltic rocks are among the most primitive reported from convergent plate margins (Gill, 1981; Luhr & Carmichael, 1985) . Their high Afg-numbers and high MgO, Ni, and Cr concentrations distinguish them from high-alumina basalts that are more typical of orogenic environments (Lopez-Escobar et al., 1977; Anderson, 1982; Ewart, 1982) .
Primitive and evolved basaltic magmas are distinguished by their liquidus olivine compositions (Table 2) . MXC-14 is the only evolved composition and appears to have suffered minor olivine + chrome spinel fractionation. Its TiO 2 , P 2 O 5 , £ alkalies, Zr, Nb, and Y abundances distinguish it as a unique magma type unrelated to other analyzed compositions. Primitive lavas have liquidus olivines (Fo 90 _ 88 ), Mg-numbers (~74), and MgO (> 9 wt. per cent) and Ni (~ 250 p.p.m.) abundances similar to those of primitive mid-ocean ridge basalts (Basaltic Volcanism Study Project, 1981) , but are distinctly more enriched in Woodruff et al., 1979; Carr et al., 1981) . The stratigraphic sections shown in Fig. 5 may fail to adequately characterize any periodicity associated with cyclical changes in magma chemistry over time, but sampling is sufficient to place limitations on the frequency and nature of petrologic processes operating at depth. Although intra-flow compositional variations were not specifically considered, the rare occurrence of compositionally heterogeneous flows (Nixon, 1988) indicates that at least in some instances strong compositional gradients, similar in magnitude to inter-flow variations documented below, existed in magma chambers prior to eruption.
Cabeza
The Cabeza stratigraphic section (Fig. 5) is composed entirely of low-Si Hb dacites (<64wt. per cent SiO 2 ). These lavas are extremely uniform in composition with the exception of a flow (C-6) at the base of the section which exhibits marked enrichment in Sr and Ba. The antipathetic behaviour of Sr and A1 2 O 3 in this flow rules out plagioclase accumulation as a possible cause of Sr enrichment. Compared to flows immediately above, C-6 is also significantly enriched in Cr, Ni, Zr, K 2 O and P 2 O S but depleted in Nb, and has slightly higher M^-number, K/Rb, and lower Rb/Sr. The depletion of both incompatible and compatible elements alike in succeeding flows (C-l to C-5) is inconsistent with a simple fractionation model involving removal of observed phenocryst minerals from a C-6 parental magma composition. There is a closer overall match in composition between this early Cabeza flow and the uppermost Pecho flow (PE-1) than between any other flow pairs in these eruptive sequences. This may indicate that Cabeza lavas erupted from a common magma reservoir at PE-1 time or later.
Pecho
The Pecho stratigraphic section contains a diverse association of rock-types, including Hb dacites, Cpx-Opx dacites, and mixed lavas (MLT-II). Sequential variations in composition are much more evident in comparison to Cabeza lavas but overall trends are not apparent, except for weak enrichment in MgO and Cr towards the top of the succession.
Cpx-Opx dacites at the base of the sequence (PE-8, -9) are among the least evolved compositions but progressive fractional crystallization of Cpx-Opx dacites to yield Hb dacite PE-6 cannot account for the composition of PE-7. Fractional crystallization paths linking Cpx-Opx dacites and low-Si Hb dacites such as PE-1 are precluded by the elevated abundances of MgO, Cr, and Ni in the latter.
When Hb dacites (PE-1, -3, -4, -6) are considered separately, temporal variations in composition are pronounced. With increasing stratigraphic height (decreasing age) systematic enrichments ( + ve) and depletions ( -ve) of major (wt. per cent) and trace element (p.p.m.) constituents, expressed as the difference between youngest (PE-1) and oldest (PE-6) (Gill, 1981; Watson & Green, 1981) , these trends are qualitatively consistent with extraction of observed phenocrysts (plagioclase + hypersthene + hornblende + Fe-Ti-oxides) from low-Si Hb dacite PE-1 to generate the more evolved PE-6 composition. The behaviour of P 2 O 5 and Zr can be reconciled with fractionation of accessory apatite and zircon (Nixon, 1988) which have low solubilities in non-peralkaline felsic liquids (Watson, 1979; Green & Waltson, 1982) .
The inversion of chemical stratigraphy may be explained by the eruption of a compositionally stratified magma column tapped from below (Katsui et al., 1975; Hildreth, 1979) . This may even account for the overall bimodal distribution of Hb dacite compositions (McBirney, 1980) . However, fractional crystallization cannot be the only process operating, since superimposed on the temporal trends of olivine-free lavas there is chemical evidence in MLT-IIs (notably PE-5, -7) for episodic influxes of mafic magma into the Pecho system.
Rodillas
The Rodillas stratigraphic sections include members of each of the main extrusive rocktypes. High-Si Hb dacites are predominant at the top of each section and preserve their compositional homogeneity over a considerable stratigraphic interval, as indeed is required in order to explain the origin of disequilibrium phenocryst assemblages in the earliest mixed lava (R-12). Large variations in modal plagioclase (6-23 vol. per cent; Nixon, 1988) are not reflected by variations in A1 2 O 3 , suggesting that Hb dacite bulk compositions lie on the liquid line of descent. A lack of correlation between modal plagioclase and A1 2 O 3 in siliceous andesites and dacites was noted previously by Ewart (1976) .
Cpx-Opx dacites occur in the lower parts of each section. Ignoring the order of eruption, most compositional differences between these lavas and high-Si Hb dacites are of appropriate sign and magnitude (except possibly Na 2 O) to satisfy control by crystal fractionation of observed mineral assemblages. Discrepancies arise in the behaviour of Zr, which incurs an apparent enrichment instead of expected depletion (in zircon), Ba which does not show the increase predicted for an incompatible element, and Nb whose distribution is erratic. The failure of crystal fractionation to explain small inconsistencies in element abundances among olivine-free lavas again provides an indication of more complex magmatic processes.
MLT-Is contribute by far the most striking inflections in the chemical stratigraphy plots. Strong maxima in the concentrations of MgO, Ni, and Cr, and minima for SiO 2 , impose a sawtooth pattern on the overall trends of elemental abundances. Assuming simple binary mixing, and that high-Si Hb dacite represents the silicic end-member, the chemical stratigraphy plots contain semi-quantitative information concerning the composition of the mafic component in each mixed lava. Peaks (enrichments) occur in MLT-Is for constituents concentrated in basaltic end-members, and troughs (depletions) for constituents present in lower abundance than the Hb dacite end-member composition. Thus, elevated abundances of CaO, EFeO, MgO, TiO 2 , MnO, P 2 O 5 , V, Sr, Y, Ni, and Cr in MLT-Is represent minimum concentrations for basaltic end-members in each mix, and K 2 O, Na 2 O, Rb, and Zr, which have suffered dilution with respect to abundances in Hb dacite, define the upper limit of mafic end-member concentrations. The abundances of A1 2 O 3 , Nb, and Ba must have been fairly similar in both end-members.
Mixing models used to calculate the composition of the basaltic component are presented later, but it is useful here to confirm the primitive character of mafic end-members. In mixed lava R-9, for example, the basaltic component must contain >224 p.p.m. Cr, > 158 p.p.m. Ni, and have Fe 2+ /Mg appropriate for equilibrium with olivine compositions more magnesian than Fo 87 , assuming an olivine/liquid exchange-reaction distribution coefficient of 0-30 (Roeder & Emslie, 1970) . These constraints are satisfied by primitive basaltic magmas in Table 2 . However, Sr (> 645 p.p.m.) and Ba (> 542 p.p.m.) concentrations deduced from R-9 leave only the La Joya basaltic compositions as prospective endmembers. Furthermore, the rather uniform concentrations of Ba implied for mafic and silicic end-members alike pose serious difficulties for crystal fractionation models attempting to relate Hb dacite and these primitive basaltic compositions since Ba is rejected by all phases that typically saturate mafic to intermediate subalkaline magmas.
Each MLT-I composition in the West Rodillas section, with the possible exception of two adjacent flows (R-5, R-6), records the arrival, mixing, and eruption of a fresh batch of basaltic liquid in Rodillas magma chambers. Such influxes are followed upward by progressive differentiation towards a more evolved dacite composition that contains a more equilibrated phase assemblage. At least three such cycles may be recognized beginning at R-12, R-9, and R-5/R-6. If West and East Rodillas stratigraphy is correlated according to flow altitude ( Fig. 2- and Nixon, 1988, fig. 2 ), the cyclical pattern of recharge-differentiation is strengthened.
In systems where the effects of crystal fractionation are superimposed on magma mixing, the ability of MgO, Cr, and Ni to pinpoint new basaltic influxes is understandably transient in evolving hybrid liquids because of their high bulk distribution coefficients (Ds). In contrast, initial melt concentrations of elements with Ds approaching unity exhibit little change with increasing fractionation, and so these elements retain a memory of mixing that is potentially more enduring, depending on relative end-member concentrations and mixing proportions. One such candidate is Sr whose abundance in the melt is primarily controlled by plagioclase which has a mineral/melt partition coefficient of 1-3-3-2 in andesitic compositions (Gill, 1981; cf. Chesner & Rose, 1984) . Basaltic end-members in the Rodillas system regularly introduce conspicuously high quantities of Sr into MLT-Is such that mixed lavas which have subsequently undergone moderate amounts of fractional crystallization should retain their Sr 'spike'. Such signatures appear in MLT-II sample R-15 where MgO, Ni, and Cr anomalies have been eradicated despite mineralogical evidence for mixing, and in a more differentiated adjacent flow (R-16) where diagnostic petrographic evidence for magma mixing is lacking. Similar geochemical imprints of mixing events occur in certain Pecho MLT-II flows (PE-5, -7). In other cases, only the mineralogical evidence remains, suggesting either complete decay of the Sr spike over the course of crystallization or more complex behaviour (e.g., R-ll, PE-2, and the majority of Pies lavas described below).
Pies
Pies stratigraphy also contains a diverse association of rock-types. However, the West Pies succession is dominated by mixed lavas, and only MLT-I flows P-l and P-15 have conspicuous compositional spikes.
High-Si Hb dacites form some of the youngest flows (P-10, -12) and low-Si Hb dacites (P-l4, -16) are among the oldest. In comparison to their younger counterparts at Cabeza,
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Pies low-Si Hb dacites are systematically depleted in MgO, CaO, Ni, and Cr, and enriched in A1 2 O 5 , TiO 2 , Rb, and Y, and generally have higher K 2 O and Ba.
The youngest MLT-I flow (P-l) has a pattern of element enrichment/depletion relative to Cpx-Opx dacite (P-2) and high-Si Hb dacites (P-10, -12), that is similar to patterns exhibited by Rodillas MLT-I flows, including the sympathetic behaviour of Sr and highly compatible elements. Moreover, at the level of Sr enrichment seen in P-l, equivalent Rodillas lavas do not display such high abundances of Ba. Assuming binary mixing, this constitutes evidence for influx of a discrete batch Ba-(and Sr-) enriched mafic magma late in Pies history. A magma batch with a similar geochemical signature appears in younger MLT-II (R-15) and Cpx-Opx dacite (R-16) flows at Rodillas, and at Cabeza (C-6).
Further evidence of compositional heterogeneity among basaltic end-members is furnished by the ambivalent behaviour of Sr and Ba in P-l5. At this stratigraphic horizon, the most likely candidates for silicic end-members are Hb dacites P-l4 and P-l6. Relative to these compositions, both Sr and Ba exhibit antipathetic correlations with highly compatible elements and their abundances in P-l5 clearly indicate dilution with respect to their concentrations in neighbouring Hb dacites. In this case, the batch of basaltic magma participating in the mix was impoverished in both Ba and Sr relative to either P-l or Rodillas basaltic end-members. Judging from the similarity of enrichment/depletion patterns in MLT-II flow (P-13) occurring a little higher in the succession, this batch may have had a protracted fractionation history. Thus, the source of certain compositional variations observed in mixed lavas is rooted in heterogeneous batches of basaltic magma periodically replenishing Iztaccihuatl magma chambers.
SPATIAL AND TEMPORAL EVOLUTION
The correlation of stratigraphic sections detailed earlier enables the spatial and long-term evolution of Iztaccihuatl activity to be examined. The final eruptive products of summit volcanoes are Hb dacites irrespective of the nature or diversity of earlier volcanism. Complementing this temporal trend are young Hb dacites of Cerro Teyotl emplaced on the northern flank (Fig. 1) . Thus, the eruptive products of Iztaccihuatl converged with time on a restricted range of evolved Hb dacite compositions which were also available for eruption earlier in the stratigraphic record.
The incidence of eruption of mixed lavas in each vent sequence increases systematically from north to south. This pattern is coupled with a strengthening chemical response to batch influx and magma mixing. An early Cabeza flow retains only trace element 'spikes' (Ba and Sr) to suggest a genetically distinct magma batch; Pecho has both stronger chemical and mineralogical signatures of separate magma batches in MLT-II; further south Rodillas contains even stronger evidence for the mixing of basaltic and dacitic magmas, establishing an important link between batch influx of primitive mafic magmas and contemporaneous mixing; and further south at Pies, replenishment and mixing appear to be dominant processes in the evolution of Pies lavas. The apparent ease with which mixed lavas reach the surface in the more southerly vents may indicate: (1) complex plumbing arrangements in which influxes of mafic magma from depth enter subvolcanic reservoirs at the southern end of the system and propagate north (cf. Blake, 1984) ; (2) variations in the hydrostatic head of ascending basaltic magmas arriving via separate conduit systems; or (3) progressively deeper levels of tapping of Hb dacite reservoirs to the south.
When the lower parts of the Pecho and Rodillas sections are meshed with Pies stratigraphy as detailed earlier, it is clear that mixed lavas appear more frequently in the early to middle stages of volcanic evolution. The absence of mixed lavas among the final eruptive products may mark the attainment of a critical magma chamber size which prevents the eruption of mixed magmas through an increasingly larger volume of stagnating Hb dacite magma, i.e. the 'shadow effect' of Smith (1979) . The basal portions of Iztacdhuatl's magma reservoirs were apparently never tapped since basaltic magmas never reached the surface through the summit vents.
STRONTIUM ISOTOPIC COMPOSITION
Sr isotopic determinations for Iztaccihuatl lavas and basaltic rocks are presented in Table 3 and plotted in Fig. 6 . Initial 87 Sr/ 86 Sr ratios in whole-rocks and plagioclase separates range from 0-7040 to 0-7046 and no systematic differences are apparent between vent sequences. Plagioclase/whole-rock pairs generally have similar isotopic compositions, but in at least one case disagreement is beyond analytical uncertainty (IZ-122, Table 3 ) and R-2 R-2 Plag R-3 R-5 R-6 R-9 R-ll R-12 R-12 Plag R-14 R-16 P-l P-2 P-3 P-3 Plag P-4 P-6 P-6 Plag P-9 P-12 P-13 points to a more complex petrogenetic history than closed system evolution (cf. Nixon & Pearce, 1987) . Rb/Sr ratios show no systematic increase as rock types become more evolved, though Pies flows tend to have higher Rb/Sr than Rodillas lavas with equivalent mineralogy and Sr isotopic composition (Fig. 6) Whitford & Bloomfield (1975) who interpreted this trend as a mantle isochron (Brooks et al., 1976; Fig. 6) . However, when all of their data are plotted (cf. Whitford & Bloomfield, 1975, fig. 37 ) this 'pseudo-isochron' is hidden by increased scatter and appears to be an artifact of sample bias.
MXC-14 MXC-5
Rock-type
Binary mixtures of Hb dacite and basaltic magma with different 87 Sr/ 86 Sr and Rb/Sr compositions define linear mixing trends in Fig. 6 . For example, all but one of the Rodillas MLT-Is could be generated by mixing Rodillas Hb dacites with a basaltic component Sr ratios with geochemical signatures appropriate for primary magmas (discussed below), and consequently, their isotopic compositions are inferred to reflect heterogeneous mantle source regions beneath this part of the Trans-Mexican Volcanic Belt This conclusion is extended to the more evolved magma type MXC-14 which appears to have undergone only minor olivine + chrome spinel fractionation. Because the Sr isotopic composition of Iztaccihuatl lavas falls within the inferred range of mantle values (0-7037-0-7045), contamination within the crust does not appear to have played a significant role in the genesis of the Younger Andesites and Dacites. However, meager knowledge of the composition of potential contaminants in subvolcanic basement rocks currently precludes quantitative testing of this conclusion.
MAGMA MIXING: CHARACTERIZATION OF BINARY MIXTURES
AND END-MEMBER COMPOSITIONS Compositions of fundamental importance at Iztaccihuatl are the basaltic magmas that periodically replenished dacite reservoirs. This section examines the techniques and assumptions used to derive the composition of mafic end-members from a subset of mixed lavas (MLT-Is). The scope of the treatment is confined to the Rodillas and Pies systems since only these volcanoes have erupted MLT-Is.
Mixing systematics
In view of the recognition of chemical and isotopic heterogeneity in basaltic endmembers, and the potential complexity of differentiation processes (Nixon, 1988) , binary mixing may be expected to generate incoherent scatter in variation diagrams. The degree of end-member heterogeneity defines a region bounded by a surface or 'mixing envelope' that encompasses all possible mixtures, and which generally projects as a cone-shaped area that opens towards the end-member displaying the greatest compositional diversity. Such behaviour has been documented above for Ba and Sr in mafic end-members, and is evident in variation diagrams (Fig. 4) . If a component can be found whose concentration is invariant with time, and known in the mix and in each of the end-members, it is possible to treat compositional heterogeneity in the system quantitatively.
Mixing proportions may be calculated using the lever principle (e.g., Wilcox, 1979) and the composition of the mixture subsequently described for all components. The amount of a component in the mix is given by:
where Q' A + Q' B = l, and Q' and C represent the weight fraction and concentration, respectively, of element i in subscripted end-members A and B, and mixture M. The 
Mixed lavas
Plots of MgO and Ni vs. SiO 2 (Fig. 7) are used to examine the details of the data set with regard to the effects of magma mixing and crystal settling. Mg and Ni are especially sensitive to removal of ferromagnesian silicates: incremental extraction of 5 wt. per cent olivine of appropriate Fe/Mg and Ni content (Roeder & Emslie, 1970; Hart & Davis, 1978; Conrad & Kay, 1984) results in depletions of 20 per cent for MgO and 50 per cent for Ni relative to initial concentrations in primitive basaltic starting compositions (~25O p.p.m.).
Independent mineralogical evidence (Nixon, 1988) has established that disequilibrium phenocryst assemblages in olivine-bearing andesites and dacites represent mechanical mixtures of partially crystalline Hb dacite and basaltic magmas containing olivine phenocrysts (Fo 90 _ 88 ) with inclusions of chrome spinel. The MLT-I subgroup of olivine-bearing lavas form linear arrays in Fig. 7 that extrapolate through the compositions of Hb dacites and analyzed basaltic rocks with olivine (~Fo 89 ) and chrome spinel on the liquidus. This implies that basaltic end-members have concentrations of SiO 2 , MgO, and Ni, and Fe/Mg ratios similar to those observed in these primitive basaltic magma types.
The MLT-II subgroup exhibits textural evidence for more complete equilibrium between phenocrysts and host liquid (Nixon, 1988) . MLT-IIs cluster at the evolved end of the mixing trend and appear to have experienced more complex fractionation histories than MLT-Is, such as post-mixing fractionation or inhomogeneous mixing of crystals and melt. Glomeroporphyritic olivines observed in thin sections of P-7 and R-ll may explain why these particular samples have anomalously high Ni abundances.
In the Ni-SiO 2 plot, MLT-Is form two distinct subparallel trends with P-15 and R-6 falling significantly below the main array. The only unusual petrographic feature occurs in R-6 where weak compositional heterogeneity is observed in groundmass glass. P-15 is bracketed stratigraphically by low-Si Hb dacites and it is therefore the involvement of this end-member composition that can account for P-l 5s apparent depletion in Ni. On the other hand, R-6 erupted at a time when stratigraphic evidence dictates that only high-Si Hb dacites were available as end-members, and so depletion of Ni in this sample is evidently real.
Inhomogeneous mixing
Anomalously low Ni in R-6 may have been caused by loss of a small quantity of olivine of near-liquidus composition during inhomogeneous mixing of crystals and melts. However, the amount of olivine removed was less than ~ 1 wt. per cent according to least-squares mixing calculations (Albarede & Provost, 1977) formulated to consider all possible combinations of primitive basaltic compositions (Table 2\ R-6, and high-Si Hb dacites (Table 1) .
In view of the disparate compositions of end-member magmas and hence strong viscosity contrast (Nixon, 1988) , undoubtably accentuated by the phenocryst-rich nature of Hb dacite magma, it is remarkable that there is not more evidence of inhomogeneous mixing of crystals and liquid in MLT-I compositions. In addition to Ni, tight linear covariance of FeO, TiO 2 , CaO, Cr, and SiO 2 provide no indication of significant post-mixing fractionation of ferromagnesian silicates, chrome spinel, and Fe-Ti oxides. The only other phenocryst phase of consequence is plagioclase, which fails to account for the large variations 
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observed in the abundance of Sr and A1 2 O 3 in MLT-Is. The absence of crystal-liquid segregation effects in MLT-Is underscores the efficiency of turbulent convective mixing which must have persisted through to the point of eruption, as suggested by the extremely short residence times inferred for phenocrysts in mixed lavas (Nixon, 1988) .
Mixing proportions
Various methods have been employed to estimate the proportions of end-members in a suite of mixed lavas. For example, Yanagi & Ishizaka (1978) used Rb/Sr ratios and Sakuyama (1981) the modal proportion of calcic vs. sodic plagioclase phenocrysts in studies of magma mixing at the same volcanic complex. The use of ratios as opposed to elemental abundances usually leads to greater uncertainties in mixing calculations and may involve nonlinear extrapolation (Langmuir et al, 1978) . Likewise, inherently large errors are typically associated with modal analyses, and these errors are problematical because they are difficult to determine. Furthermore, the latter technique provides no compensation for phenocryst-melt reactions in hybrid melts where plagioclase may be particularly susceptible (Nixon & Pearce, 1987; Nixon, 1988) . Because assumptions regarding the behaviour of certain constituents in at least one end-member are a cornerstone of this type of modelling, the results need to be independently tested for self-consistency.
The most suitable component to serve as a basis for mixing calculations in this study is essentially limited to SiO 2 , MgO, EFeO, Ni, or Cr, since all these constituents exhibit a strong linear coherence and have relatively small concentration ranges in Hb dacite endmembers. The choice ultimately affects the accuracy of calculated mafic end-member compositions. Equation (1) above was used to calculate the proportion of the basaltic component in each MLT-I using each of these constituents in turn, and incorporating the entire range of elemental abundances in Hb dacites and primitive basaltic rocks. Matching of MLT-Is with their specific Hb dacite end-members was dictated by stratigraphic relationships as detailed earlier. Accordingly, calculations involving Rodillas and Pies MLT-Is used their respective high-Si Hb dacite end-members, with the exception of P-15 where low-Si Hb dacite compositions were employed. Analytical errors (la) were incorporated in the modelling thereby providing permissive rather than unique solutions.
The major element composition of MLT-I sample R-6 was adjusted beforehand to compensate for the loss of ~1 wt. per cent olivine (Fo 88 ). According to the partitioning behaviour of Ni between olivine and liquid as a function of MgO content of the melt (Conrad & Kay, 1984) , liquidus olivines in primitive basalts would be expected to contain about 2900 p.p.m. Ni; a nominal value of 30 p.p.m. Ni was added to R-6. This independent adjustment moves R-6 onto the main mixing trend in the Ni-SiO 2 plot (Fig. 7) . If instead of olivine loss during inhomogeneous binary mixing this basaltic magma had suffered minor olivine fractionation prior to entering the dacite magma reservoir, mixing calculations based on the corrected R-6 composition would in effect restore this evolved mafic endmember to its more primitive state. No corrections were made for potential loss of Cr which may well have been affected by fractionation of chrome spinel included in olivine.
Calculated proportions of the basaltic component in mixed lavas exhibit good internal consistency for all trial constituents except Cr (Fig. 8) . In the latter case, the assumption that Cr concentrations were uniform in basaltic end-members appears untenable. Note the concordance of the adjusted R-6 composition over all constituents.
Ni was adopted as the reference element on which to base mixing calculations because it has the largest compositional range, thereby making it sensitive to small differences in mixing proportions, and Ni can be analyzed with great precision-by XRF techniques. (1) assuming that the concentrations of Ni, MgO, SiO 2 , ZFeO, and Cr in end-member magmas are identical to abundances in primitive analyzed basaltic rocks (Table 2) . Proportions determined using Ni are plotted against those obtained using the other constituents. The diagonal line indicates perfect agreement between results. Error bars are shown for typical propagated analytical uncertainties (la; cf. Nixon, 1987) . The dashed line connects proportions calculated for R-6 (open symbol) with proportions estimated after compensating this bulk composition for 1 per cent olivine loss (see text). Calculations were performed with whole-rock analyses recalculated to a dry basis and IFe as FeO.
Moreover, there are reasons other than empirical for expecting the abundance of certain chemical constituents to remain uniform in basaltic end-members. From considerations of whole-rock chemistry, liquidus olivine compositions, and new experimental data (M. Shimada & C. M. Scarfe, pers. comm.) primitive basaltic compositions analyzed in this study meet the requirements for primary magmas generated by partial fusion of mantle peridotite. Melting experiments conducted on natural peridotites under different conditions of P, T, and P n uid nave shown that the abundances of SiO 2 , ZFeO, and Mg-number in basaltic melts vary only gradually with the degree of partial fusion, at least within the melting interval of most Ol-Hy-normative (non-picritic) basaltic compositions (Mysen & Kushiro, 1977; Jaques & Green, 1980; Takahashi & Kushiro, 1983; Fujii & Scarfe, 1985) . This behaviour reflects the internal buffering capacity of peridotite mineral assemblages (Ol + Opx + Cpx ± Gt ± Sp) on coexisting melts. In basaltic liquids generated by batch or fractional fusion of lherzolite using either modal or non-modal equilibrium melting models (Shaw, 1970) , bulk distribution coefficients (Ds) for Ni commonly lie in the range 1>D> 1 (Bougault et al., 1980; Schilling et al., 1983) . Regardless of which model is chosen, Ni concentrations in partial melts remain approximately constant for up to 30 per cent or more fusion. Cr abundances, on the other hand, are more susceptible to variations in source 294 GRAHAM T. NIXON mineralogy and melting modes (e.g., clinopyroxene and spinel abundances or Cpx/Sp ratio), or to variations in the conditions of melting. The fact that Ni is uniform (250 ±4 p.p.m.) in these primitive Mexican magmas is consistent with theoretically-predicted equilibrium melting behaviour, and furthermore, implies that these melts have survived their passage through thick continental crust unmodified by fractionation of Ni-rich phases.
Basaltic end-members
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analytical uncertainties as employed for calculating mixing proportions were used (cf. Nixon, 1987) . Model end-member compositions represent the mean of the compositional range for each solution. They are internally consistent compositions that reproduce on their liquidi olivines identical in composition to those observed in the subset of mixed lavas (MLT-Is) used to derive them. This need not have been the case given the dependence of Ni (Hart & Davis, 1978; Mysen, 1983) . It is therefore reasonable to use these model end-member compositions, as well as the overall range of calculated abundances, to compare and contrast the character of mafic magma batches supplied to Rodillas and Pies magma chambers.
Range of feasible compositions
The calculated ranges of elemental abundances for basaltic end-members exhibit considerable overlap, and the overall mean compositions of Pies and Rodillas influxes are very similar (Table 4 and Fig. 9 ). Compositional variations are more marked, and increase, in the order Na 2 O, Y, Zr, Sr, K 2 O, Rb, P 2 O 5 , and Ba. The relatively large variations in Sr and Ba are as predicted from chemical stratigraphy plots. With the exception of SiO 2 and Nb, compositional heterogeneity is more pronounced among Pies than among Rodillas endmembers, and the only consistent geochemical difference is the lower mean abundance of Cr in the latter.
None of the analyzed basaltic compositions are an exact match for mafic magma batches at Iztacdhuatl (Fig. 9) . As noted previously, MXC-14 is in equilibrium with too fayalitic an olivine (Fo 85 ) and has an overabundance of P2O3, TiO 2 , Zr, and Nb, and underabundance of MgO, Ni, and Cr. La Joya scoriae are too low in Na 2 O, and too high in Ba and V to qualify as Rodillas end-members, and they are too enriched in P 2 O S and V, and too depleted in Nb, to be identified with Pies end-members. Similarly, MXC samples are depleted in K 2 O, P 2 Oj, Sr, and Ba, and enriched in A1 2 O 3 relative to requisite compositions for Rodillas end-members, and contain insufficient Nb to serve as Pies end-members. Geochemical signatures that exclude all analyzed mafic magma types include the narrow ranges of Nb and Ba in Pies and Rodillas end-members respectively.
Model compositions
Model basaltic end-member compositions (Table 4) are low-K to medium-K basalts/basaltic andesites (52-54 wt. per cent SiO 2 ) with low TiO 2 (08-1-2 wt. per cent), high MgO (9-11 wt. per cent) and M^-number (73-76), and variable A1 2 O 3 , P 2 O 5 , and alkalies. The majority of compositions are Ol-Hy-normative but vary from strongly Ne-to weakly Qz-normative. The oldest mafic influx (B-P-15) has exceptionally low abundances of K 2 O, Rb, Ba, Zr, and Y, high K/Rb and low Rb/Sr, traits more typical of basalts in island arcs (Basaltic Volcanism Study Project, 1981) . The youngest Pies end-member (B-P-l) is distinguished by P 2 O S and Sr abundances, and Rb/Sr ratio, comparable to those of Rodillas end-members.
B-P-3 and B-R-6 are 'hawaiites' in the classification scheme of Irvine & Baragar (1971) 
SUMMARY AND DISCUSSION
The zig-zag patterns of element enrichment/depletion in chemical stratigraphy plots examined above are interpreted as primarily a function of the waxing and waning influence of magma mixing following batch influx of basaltic magma into Iztaccihuatl dacite reservoirs. Evidence for magma mixing is strongest in the most primitive eruptive products (MLT-Is) characterized by disequilibrium phenocryst assemblages, and grows steadily weaker both chemically and mineralogically as magmas become more evolved. After each chemical and thermal disturbance of the system, bulk compositions and phase assemblages that are strongly out of equilibrium ultimately revert to essentially the same more equilibrated, most evolved state, that of the Hb dacite magma composition. The form of this recovery, as viewed in the chemical stratigraphy profiles, varies from vent to vent but shortterm differentiation cycles are evident in at least one case (West Rodillas) and point to the rapidity and nature of the fractionation mechanism(s). Crystal fractionation acting alone fails to predict the observed behaviour of some highly incompatible trace elements even among the more equilibrated (olivine-free) compositions.
Open-system behaviour at Iztaccihuatl exhibits some of the key evolutionary aspects of theoretical models'developed to treat a continuously fractionating, periodically replenished, periodically tapped, high-level magma chamber (O'Hara, 1977; O'Hara & Mathews, 1981) . These include: (1) the rather monotonous major element composition of Hb dacite with time suggesting that it represents a quasi-steady state composition; (2) the recurrence of identical mineral assemblages and compositions (Nixon, 1988) apparently indicating strong control by low-pressure phase equilibria; (3) the ubiquitous involvement of Hb dacite magma as the silicic contaminant in mixed lavas; and (4) the unusually high abundances of strongly compatible elements (e.g., Mg, Ni, and Cr) and the high Mg-numbers of dacitic magmas.
If Hb dacite magma represents a long-term steady state composition then a unique combination of open system parameters are operative. Parental magma composition and the volume (mass) of each batch influx must remain constant as must the ratio of the amount of liquid crystallized (X) to that erupted as lava (Y), and a critical balance of thermal losses and gains must be maintained (O'Hara, 1977 (O'Hara, , 1978 . With respect to certain trace elements (e.g., Ba and Sr), the composition of successive batches of primitive magma is decidedly heterogeneous, but provided X and Y are both small and the mass of the magma chamber is large relative to that of primitive magma added to the system, the steady-state composition, viz. Hb dacite, will be insensitive to short-term random fluctuations in the mass or composition of added batches (O'Hara, 1977) . The corollary of this is that the steady state Hb dacite composition, which represents the sum total of all replenishment, mixing, and fractionation cycles, has no unique mathematical relationship to any single primitive magma batch.
Independent estimates of magmatic intrusion/volcanic output rates using different techniques all agree that this ratio generally exceeds unity (Wadge, 1982; Crisp, 1984) . Therefore, IZTACCtHUATL VOLCANO: II. MAGMA MIXING 299 the volume of magma expelled from the chamber as a lava flow is also likely to be small relative to the volume of dacitic magma stored in the crust. The inferred magnitudes of magma input and output volumes relative to the likely size of this crustal reservoir are quite compatible with open-system eruption dynamics inferred for large magma chambers (Blake, 1981) .
On the basis of textural and mineralogical evidence presented in Nixon (1988) , it was argued that mixing of magmas in Iztaccihuatl magma chambers involved blending of liquids of diverse composition, accomplished by convective turbulence in the interfacial region separating basaltic and dacitic magmas, and concurrent or dynamic fractional crystallization. The general homogeneity of glassy groundmasses in MLT-Is and apparently low proportion of mafic crystallization products from evolving hybrid melts suggested that liquid blending may be a dominant process. This facet of evolution is clearly brought out in the Rodillas system by the short-term behaviour of Ba and Sr which, when introduced in high abundances by a new magma batch, are quickly reduced to levels formerly present in Hb dacite. Only dilution, caused by liquid blending, can account for this response. This mechanism also creates a favourable condition for maintaining the relatively high levels of Mg, Ni and Cr observed in Iztaccihuatl dacites. Since the bulk compositions of MLT-Is define mixing lines connecting basaltic and Hb dacite end-members, it appears that mixing and dynamic fractional crystallization of residual hybrid liquids were occurring through to the point of eruption. The compositions of MLT-IIs and Cpx-Opx dacites, which are displaced from mixing lines, are transitional between the more evolved MLT-Is and Hb dacites, implying that combined magma mixing-fractional crystallization processes may have also played an important role in their evolution. Thus, batch influx and magma mixing, and the geochemical effects they create, may be regarded as ephemeral events in the life of a comparatively large volume, long-lived dacite reservoir residing high in the crust.
The total range of 87 Sr/ 86 Sr compositions for Iztaccihuatl lavas and analyzed basalts (0-7037-0-7046, n = 28) is in good agreement with previous determinations (0-7034-0-7045, n = 9) for Quaternary lavas of the Valley of Mexico (Verma, 1981) , and similar to the Sr isotopic composition (0-7032-0-7045, n = 24) of Miocene-Quaternary volcanic rocks of the Nevado de Toluca region, 100 km west of Iztaccihuatl (Whitford & Bloomfield, 1975) . These values are fairly typical of calc-alkaline arcs developed on thick (30-40 km) continental crust, and volcanic rocks associated with convergent plate margins in general (Hawkesworth, 1982; Leeman, 1983) .
The 87 Sr/ 86 Sr ratios of the Mexican lavas are sufficiently low to preclude contamination with substantial amounts of radiogenic crustal rocks via subduction (e.g., Banda arc, Whitford & Jezek, 1979) or en route to the surface (e.g., Peruvian Andes, James, 1982) . Considering that it is the primitive basaltic rocks that contain the most radiogenic strontium, it seems an inescapable conclusion that isotopic heterogeneity exists in mantle source regions beneath this part of the Trans-Mexican Volcanic Belt.
The calculated compositions of basaltic magma influxes replenishing high-level dacitic reservoirs at Iztaccihuatl are primitive basalts to basaltic andesites (52-54 wt per cent SiO 2 ) with high Mg-numbers (>72), and Ni (~250p.p.m.) and Cr (340-510 p.p.m.) contents, and magnesian olivines (Fo 90 _ 88 ) on their liquidi. Their siliceous character, combined with the relatively high abundances of strongly compatible elements, and low normative Di/Hy ratios, are chemical attributes of magnesian andesites and boninite suites in young west Pacific island arcs. For similar M^-numbers, SiO 2 and MgO abundances are lower in the Mexican rocks, but alkali metals, Ba, and Sr substantially higher, than in many boninites (Hickey & Frey, 1982) . However, the Mexican rocks have higher MgO and CaO, though lower SiO 2 , than magnesian andesite (ADK-53) of the Aleutian arc (Kay, 1978) or 300 GRAHAM T. NIXON average high-magnesian andesite or 'sanukitoid' of the Setouchi Volcanic Belt in Japan (Tatsumi & Ishizaka, 1982) . Overall, these primitive Mexican magma types are most similar in their petrography and major and trace element chemistry to basaltic variants of the Japanese 'sanukitoids' referenced above. Like the latter rocks, the geochemical signature of primitive Mexican magmas is compatible with that of unmodified partial melts of mantle peridotite (Tatsumi, 1982) . Moreover, the lack of any systematic depletion in the abundances of incompatible elements in subsequent batches of primitive liquids feeding Iztaccihuatl magma chambers cannot be reconciled with progressive partial melting of peridotite source rocks.
To date, Ne-normative magma batches at Iztaccihuatl have no counterparts in the Valley of Mexico. However, spatially-related calc-alkaline and alkaline volcanism has been documented in the eastern part of the Trans-Mexican Volcanic Belt (Demant, 1981; Ferriz, 1985; Negendank et al., 1985) , in Michoacan (Luhr & Carmichael, 1985) , at Colima (Luhr & Carmichael, 1981 , and further west at Sanganguey volcano (Demant, 1981; Nelson & Carmichael, 1984) . For example, the birth of Jorullo volcano (1759-1774) in Michoacan (Luhr & Carmichael, 1985) produced 2 km 3 of Ol-Hy-normative basalt and basaltic andesite (52-55 wt. per cent SiO 2 ) erupted from five closely-spaced vents aligned along a fissure oriented N35°E. Approximately 3 km southwest of Jorullo, a late Quaternary eruptive center (Cerro La Pilita) extruded 0-6 km 3 of Ne-normative 'trachybasalt' (6-4-2-6 per cent Ne) characterized by high K 2 O (>2-5wt. per cent) and related incompatible elements. The most primitive lavas of Jorullo and Cerro La Pilita share high concentrations of Ni (220-260 p.p.m.) and Cr (330-560 p.p.m.), and have high M^-numbers (70-72) and Mg-rich olivines (Fo 90 _ 88 ), traits that match rather closely the calculated mafic endmembers at Iztaccihuatl and primitive basaltic rocks at La Joya and in the Valley of Mexico. Luhr & Carmichael (op. cit.) considered that these magmas represented fundamentally different partial melting events within the mantle, and also noted the geochemical similarities between Jorullo basalts and Japanese 'sanukitoids'. Previously, Luhr & Carmichael (1982) linked alkaline scoriae at Volcan Colima to pre-emptive influx of basanite-minette magmas into andesitic magma chambers. These occurrences of alkaline and calc-alkaline magmas so closely associated in space and time lend credence to the Nenormative compositions predicted for some primitive magma batches injected into crustal reservoirs of Hb dacite at Iztaccihuatl, and draw attention to the complexity of magma generation processes in the Trans-Mexican Volcanic Belt as a whole, and in orogenic arcs in general.
